The microwave spectra of a-methyl-y-butyrolactone and 2-methylcyclopentanone have been reinvestigated using microwave Fourier transform spectroscopy. A-E splittings due to internal rotation of the methyl group have been observed in the ground and several vibrationally excited states for both molecules. From an internal-axis-method analysis of these splittings, values of the methyl group internal rotation barrier of 2.61 kcal mol -1 for a-methyl-y-butyrolactone and 2.41 kcal mol -1 for 2-methylcyclopentanone have been obtained.
It has already been demonstrated that the value of the barrier to internal rotation determined from A-E line splittings in the ground state is the most reliable one if the measuring accuracy is sufficient [1] . This is related to the fact that interaction terms in the rotation-torsion-vibration Hamiltonian lead to noticeable effects if there is a near degeneracy between torsional and vibrational levels [2] [3] [4] . Such a degeneracy generally does not include the ground state. Its A-E torsional splitting is therefore a rather reliable source of information.
We have investigated the microwave spectra of the methylcycloderivatives 2-methyl-4,5-dihydrofuran [5] , a-angelicalactone [6] and 3-methylcyclopent-2-enone [7] . In these studies we found differences between the A-E splittings observed in the ground and excited states of the ring-puckering vibration (compare [5] , Tab. V, and [6] , Tab. IV). This indicates the existence of some interaction between the methyl torsion and ring-puckering vibration for these molecules.
In previous papers we reported an analysis of the rotational spectra of 2-methylcyclopentanone [8] (II) and a-methyl-y-butyrolactone [9] (I). A ring-twistedlike conformation in which the methyl group is in the equatorial position was found for both molecules.
A-E splittings were not observed within the resolution of our computer-controlled Stark modulation spectrometer [9] . For this reason, and to investigate the possibility of the determination of the high barriers from the splittings of rotational transitions in the ground state we decided to reanalyse the rotational spectra of these molecules using microwave Fourier transform (MWFT) spectroscopy. This technique provides sensitivity and resolution high enough to search for internal rotation splittings in the ground and excited states. This investigation would give in addition also hints for an interaction between ring-puckering and methyl torsion.
The MWFT spectrometer used in this work has been described elsewhere [10] , Samples of 2-methylcyclopentanone and a-methyl-y-butyrolactone were purchased from ICI Chemicals and Aldrich Chemical Co., and used without further purification. Temperature was about -50 C C and pressure down to 1 mTorr.
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As the spectra had already been assigned and the published constants [8, 9] gave a good prediction, the measurements could easily be extended to the 8-13 GHz frequency range. After a precise search at very low pressures, internal rotation splittings were observed in some rotational transitions of the ground and excited states for both molecules. The frequencies of the narrow splitted lines were determined by a time domain fit procedure [11] . The frequencies for the A states and the corresponding splittings are reported in Tables 1 and 2 . They have been fitted for each vibrational state separately by using the internal axis method (IAM) [12] [13] [14] in the form of the high barrier approximation of the Woods program (INTROT) [15, 16] . As the splittings were only slightly dependent on Q, ß and y, these parameters were constrained to the values arising from the structural model, and only the (7) 2401 (10) 2415(7) a See Table 3 reduced barrier s was determined from the experimental splittings. For a-methyl-y-butyrolactone a twisted equatorial structure has been assumed [9] . For 2-methylcyclopentanone a twisted equatorial structure has been assumed [8] , based on the reported structure of cyclopentanone [17] with all CH = 1.095 Ä and HCH = 109.5°, the CHC and CH 3 -C-H planes and the carbonyl C = 0 bond taken to bisect the corresponding ring angles and a ring-twisting angle of 21°.
The obtained results are shown in Tables 3 and 4 along with the other parameters relevant to the internal rotation of the methyl group.
The energy separation for the methyl torsion states v t = 0 and v t = 1 has been calculated from the tables of torsional energy levels [18] to be 198cm -1 and 191 cm -1 for a-methyl-y-butyrolactone and 2-methylcyclopentanone, respectively.
The nearly equal A-E splittings observed for the same rotational transitions in the ground and the vibrational excited states of the ring-puckering motion (u a =l, v x =2) indicates a very small interaction, at most, between ring-puckering and methyl torsion vibrations. This might be expected if we consider that the v x =\-0 energy spacings for the ring-puckering vibrations of a-methyl-y-butyrolactone and 2-methylcyclopentanone obtained from relative intensity measurements are ~ 132 cm -1 and ~87 cm -1 , respectively. Only the three splittings observed in the v y = 1 state of 2-methylcyclopentanone are significantly smaller than those observed on the same lines of the ground state, which is an indication that this state is influenced by another vibration.
On the basis of the A-E splittings observed in the states vß = 1 and vy = 1 it can be definitively excluded that these states belong to the first methyl torsion excited state. This assumption was made in previous works [8, 9] , in which a false lower limit for the barrier of ~3.5 kcal mol -1 was proposed.
According to [1] , the most reliable value for the internal rotation barrier is that obtained from rotational transitions in the ground state. The nearly similar values obtained for both molecules can be understood by realizing that the close environment of the methyl group is the same for both molecules.
